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Wq Ttre Eekpix Corporation, formerly 
knovrn as Bend is Aviadon Corporation, 
a corporation of the State of Delaware, 
United States of America, of Fisher Building, 
Detroit, Michigan, United Stares of America, 
do hereby declare the invention, fin which 
we pray that a patent may be granted to 
us, and the method by which it is to be per* 
formed, to be particularly described hi and 
by the following statement* — 

The present invention relates to a turbine 
assembly having a gas-driven high speed 
turbine wheel and more particularly 
to a turbine assembly designed for use as a 
power device namely in aircraft engine starters. 

When a turbine assembly is incorporated 
in aircraft engine starters* there have been 
instances of failure of the governing device 
which main rains a safe relation between 
the impulse force of the turbine wheel and 
the load being driven. The governor nor- 
mally prevents excessive speed of the turbine 
when under no load. For example, in z 
turbine starter which is powered by com- 
bustion gases, the governor is actuated at a 
piedetxamined speed (about 44,000 RPM) to 
interrupt the how of fuel and air to the com- 
bustion chamber. If the governor tails to 
so operate, with ths suuicx under no load 
after start-up^ the turbine wheel can rapidly 
attain what is commonly known as a "run- 
away" condition. In extreme cases of this 
condition, when the stresses induced in the 
turbine wheel by high rotational speeds 
excee d the strength of material, a disinte- 
gration of the turbine wheel results which is 
characterized by the ejection at high speeds 
of the blades of the turbine wheel and some- 
times wheel throw-out. This extremely 
dangerous condition is, of course destructive 
of equipment and hazardous to nearby person- 
nel 

The primary object of the present inven- 
tion is to prevent the aforenoted hazard by 
providing improved means which senses a 
[Price S$.6d.] 



condition of extreme speed and then imposes 
a restraining force on the turbine wheel 
whereby a disintegrating speed is prevented. 

A further object is the provision of emer- 
gency braking means which mechanically 
senses estrone speed and tftgn applies a 
braking action against the side of the turbine 
wheel, 

^ According to the mventian there is pro- 
vided a turbine ssserhbfy having a turbine 
wheel and wherein an emergency braking 
system is provided for braking the latter 
when it is rorared at excessive speed, said 
braking system including brake re^ fi i re en- 
gageable with the turbine wheel for braking 
the same, means normally retaining the 
brake means away from said turbine wheel, 
means carried by the turbine wheel for render- 
ing the retaining rn carts ineffective when 
the turbine wheel is rotated at excessive 
speed, and a spring device arranged to urge 
the brake means against the turbine wheel 
when the retaining means is ineffective. 

The invention will now be described by 
way of example with ™ft t n&; to the accom- 
panying drawings in which:' — 

Figure 1 is a lciigrrndinal cross-sectional 
view of the turbine section of a turbine 
starter embodying the hrventionj 

Figure 2 is a transverse cross-sectional 
view along the line 2—2 of Figure 1 and 
shows the centrifb^ally-^iiated cutting mech- 
anism tor releasing the mechanical brake 
shown at the right hand side of the turbine 
wheel in Figure L 

In Figure 1, it can be seen that an axial 
flow impulse type turbine wheel 11 having 
peripheral blades 13 and an integral shaft 
14 is mounted by its *hg*t_ in bearings 15, 
The hearings have a diagramrnaricany-fllos- 
trated annular seal 17 and are supported 
by a transverse housing wall 19, One brake 
device is mounted at each side of the turbine 
wheel U and will be described hfiranafter. 
Combustion gases from the combustion 
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chamber (not shown) axe directed against 
the turbine buckets or blades 13 by nozzles 
21 which are mounted in an annular nozzle 
ring 23. The nozzle ring 23 has attached 
5 thereto a concave circular wall 25 of the 
combustion chamber whereby transverse wall 
means are formed at the side of the turbine 
whed which is opposite the tnrbine shaft 
and m w^Tig l^e gases which drive the 

10 turbine and leave the tnrbine blades 13 
are deflected by an anrcnlar heat insulating 
shield 26 towards an exhaust shroud 27. 
An aM W 1flr exhaust chamber is formed by 
shield 26y exhaust shroud 27 and nozzle 

15 nog 23. The gases are discharged throu^i 
an exhaust shroud port which is not shown, 
It is to be noted that the heat shield 26 is 
damped between the exhaust shroud 27 
and the transverse housing wall 19 and is 

20 attached at its radially inner edge to an 
annular bearing retainer 28 which is threaded 
on an asrial tubular extension 29 of the 
housing wall 19. A radially hrwardly-extaiaV 
ing flange 31 of the retainer 28 retains the 

25 bearing seal 17, The turbine, shaft 14 is 
connected by splines to a member of the 
j jphiid stage ofredixctinn gearing (not shown). 
The reduction gearing is operably- ennrecfed 
through convenrional means (not shown) to an 

30 aircraft nirbinc eugjne so that the high speed 
starter Tnxl^ 1 " 1 * can hiring the anccstr turbine 
engine up to starting speed. At this speed, 
combustion gases and the starter jaw dis- 
engages. The combustion gases are pro- 

35 vided by an air bottle and a fuel tans; (not 
shown)* It is to be noted that the combustion 
chamber wall 25, the nozzle ring 23, the 
exhaust shroud 27 3 the housing wall 19 and 
the pp-aTTgffripnT tbr mo nntmE the turbine 

40 wheel only at one side, provide a compact 
turbine section in an engine starter. 

The stainless steel turbine wheel 11 of 
wedge-shaped cross-section has asriahy mount- 
ed thereon, at its tight hand side, an assembly 

45 which consists essentially of a carrier structure 
and two centiffigaUy^ctuated cuirer blades 
42 which runcrinn to release a brake shoe, 
Hereinafter described. The carrier is attached 
to the turbine wheel by a screw 43 which 

50 threads into an axial extension 44 of the 
turbine whceL The two cutter blades 42 
are pivoted on two pins 45 which are mounted 
m recesses in the right hand face of the 
tnrbine wheel and in an opening in the right 

55 hand wall 46 of the carrier structure. This 
structure has another wall 48 abutting; the 
other side of the cutter Hades and the central 

face of the turbine wheeL 

Tti Figure % re t**"" features of the cutter 

6$ assembly appear more dearly. It can be 
noted that the blades 42 which are pivotally 
mounted on pins 45 are restrained from 
centrrrngal movement by shear pins 47. 
The two transverse washer-like walls 46,48 

C5 of carrier structure are connected by tongi- 



tudmalry-catending parts 49 of triangular 
cross section. It fe to be noted that the cutter 
blades 42 will pivot outwardly about pivot 
pins 45 when a predetermined centrifugal 
force exists which is sufficient to shear the 70 
smaU shear pins 47. If for any reason one 
cutter blade is released befcre the omer, 
a tang or short extension 50 of the blade 
(which is pivoted radially inwardly) ^ will 
contact the other blade and exert additional 75 
force for the shearing of the re maining shear 
pin 47* The total travel of the cutter blades 
42 is controlled by the travel of the radially 
inner and curved part of the tang 50 since 
it will contact the axial extension or pilot 60 
stub 44 of the tnrbine wheel after a pre- 
determined radially inward travel. 

Referring again* to l*jgurc 1 3 it can be seen 
that the brake shoe structure 55 has a trans- 
versely-extending annular part or brake shoe 85 
56 of stainless steel which has an mchned 
annular nibbmg surface 57. This large 
surface is closely spaced to the adjacent 
complernenmy-mclmed surface of the radi- 
ally-intermediate part of the tnrbine wheel 90 
11> The brake shoe structure^ 55 has as an 
integral part, a tubular askUy-extending 
segment or part 54 which is constructed 
with, a *frin wall or reduced section 53 cut 
through by the blades 42 when the latter 95 
are rotated radially outwardly by centrifugal 
action. The right hand end of the tubular 
part 54 is attached by a flange to the concave 
combustion chamber wall 25 by means of 
a lock nut 58 threaded on to an axial tubular 100 
ggt^p^ 59 which is welded to the com- 
bustion wall 25* Shims 60 are provided 
to adjust the dearance between the mchned 
surface of the turbine wheel and the biake 
shoe surfeec 57. Hie slums 60 allow for 105 
positioning so as to provide for normal heat 
distortion of the corrnxinenr parts without 
developing contact. 

The brake assembly additionally includes 
a pads of a m^k"* chicch-rype energy absorb- 110 
ing discs 63 and an arrangement of com- 
pressed BeHeviHe springs 64 m provide the 
axial braking force. The dutch discs arc 
alternated wrrh °WF^ ar washer-like rings 
of dissimilar material, such as a chrome- 115 
plated stainless Steel and an oxidized nickel- 
chrome alloy. These discs 63 arc confined 
between the brake shoe 56 and an annular 
washer-fike ring or static back-up plate 65. 
The outer most part of the washer-like ring 120 
65 has welded thereto, on the left hand side, 
an anrmlgr positioning and guide ring 66 
which has a phirahty of eojnVspaced teeth 
67 fitted into rftmKp nnding dosefy-frrtmg 
longitudinal grooves 68 in the nozzle ring 125 
23. Guide ring 66 encases the discs 63 and 
also abuts the outermost part of the right 
hand surface of the brake shoe 56. The 
Belleville springs 64 are compressed against 
washer-Eke ring 65 by means of washer 130 



PAGE 36^9 * RCVD AT 12/21/2005 4:29:17 PM [Eastern Standard Time] * SVR:USPTO-EFXRF-6/35 * DN1S:2732885 » CSID:202 543 6406 * DURATION (mm-ss):09-54 



DEC. 21. 2005 4:40PM MHK LAW 1 202 543 6406 



NO. 0991 P, 37 



872,654 3 



71 and snap ring 72 which, fits imo a groove to Cause the CUttcr blades to swing out on 

in die tubular extension 54 of the brake their respective pivot pins 45.. This action 

shoe structure 55. It is apparent that, when occurs when the governing device tails and 

the cotter blades 42 arc pivoted outwardly a the turbine wheel is started toward "run- 

5 predetermined distance which is just suffix away" speed because the flow of the impulse- 70 

dent to sever the reduced section 53, the producing media has not been properly con- 

Belleville springs 64 wfll urge the stainless trolled by the governor. This lack of control 

steel brake shoe 56 into contact with the can occur after the starter jaw is retracted 

side of the turbine and that the axial move- or if the starter jaw does not engage the 

10 meat wifl be guided by the teeth 67 sliding engine jaw during starting. When the blades 75 

in the recesses or grooves 68. Furthermore, 42 swing; out, their extended pointed cutting 

the tabs or teeth 67 also prevent rotation edges contact and rapidly shear through the 

of the back-up plate 65 so that the braking reduced section 53 of the brake shoe structure 

action is augmented 55. This action permits the Belleville springs 

15 At the inclined side surface of the turbine 64 to unload and force the severed brake 80 

wheel 11 which is adjacent its mounting, shoe 56 against the side of rapidry-rotating 

there is a substantia31y-aHa%-tcxcd brake turbine wheel 11. It is to be noted again 

assembly which is comprised of a stainless that the total travel of the cutter blades 

steel brake shoe 75, a disc pack 76 and a is KmiW by means of their tangs 50 so 

20 preloaded Belleville spring 77. These com- that the wider part of the blades does not 85 

p orients of the back-up brake mechanism project between the ends of the severed 

are held in position by a snap ring which is reduced portion so far as to cause iruerference, 

mounted in a groove in retainer 28 and are When the turbine wheel rubs against the 

mounted on the member 28 which is threaded inclined surface 57 of the brake shoe 5o> 

75 an the axial extension 29 of the housing it is apparent that the large-surfaced disc pack 90 

wall 19. It is to be noted that the smaller 63 wfll also absorb heat energy and that there 

brake shoe 75 also has an inclined surface will be an incremental lower velocity of each 

which complements the adjacent at closely disc Sequentially from the turbine wheel 

spaced indrned surface of the tnrtrine wheel toward tie static back-up ring 65. In tests, 

JO The Bdlevihesrumg 77 bears against a radially the brake shoe 56 stopped the turbine with- 95 

out^ai^ly-exrending flange 78 which is an out damage to the turbine shaft or combustion 

integral part of the aurtrlaT bearing retainer chamber wall. Only the brake assembly 

28 and against a washer 79 which abuts and the side of the rurbme wheel were dam- 

the disc pack 76. The annular stainless aged. In the event, that the turbine wheel 

35 steel brake shoe 75 together with the pre- abaft is broken, brake 75 and disc pack 76 100 

vionsry described axxaHy-ntovable brake Shoe provide confinement and heat absorbing brak- 

56 provide means for confining or restrain- ing at the left hand side of the whine, 

ing the turbine wheel hi the event the turbine From the foregoing, it is apparent that a 

wheel shaft is broken adjacent the turbine turbine brake device has been provided 

40 due to the tualmnm'rmvng of the parts which which results in an essentially fail-safe con- 105 

it drives or of the bearings on which it is ditton, whereby turbine buckets nr a mrbine 

mn vmr ed. Braking by shoe 56 in extreme wheel are not thrown out through the housing, 

cases may adversely atfert the bearings. It is to be noted that the actuating mech- 

Upon the turbine shaft being broken after auism having the currhrg blades is directly 

45 the brake assembly 55 has come into action, connected to the turbine wheel and is centra- 110 

the brake shoe 56 presses against the turbine fugalfy actuated so that the frigfrgr the speed 

wheel and moves it sxially against the brake of the turbine the greater the force gener- 

shoe 75. The disc pack 76, which is also ated to operate The cutter blades. Annrher 

comprised of stainless steel and oxidised- noteworthy feature is the arran ge ment of the 

50 ruckel-chrome alloy discs stacked alternately discs 63,76 which provides Iarge-smiaced 115 

in series, permits rotation of the brake shoe energy-absorbing members in addition to the 

75 and provides large surface areas for the brake shoe, 

absorption of hot. The two brake assem- WHAT WE CLAIM IS:— 

bHes located on opposite sides of the turbine 1. A turbine assembly having a turbine 

55 thus operate in conjunction to reduce the wheel and wherein an emergency braking 120 
speed thereof and to confine the turbine system is provided fox braking the latter 
wheel between them. It is to be nosed that when it is rotated at excessive speed, said 
with both disc packs 63, 76 the rubbing braking system mdudmg brake en- 
velocity of each disc sequentially from the sageahle with the turbine wheel for braking 

60 rotating brake shoes to the static washer- the same, means annually retaining the brake 125 

like members is gradually less. means away from said turbine wheel, menus 

In operation, the centrifugal farce devel- carried by the Tmbine wheel for rendering 

oped by the cutter blades 42 at a r^edete> the retaining means ineffective when the 

mined speed (about 55,000 RPM) is sum- trtrbine wheel is rotated at excessive speed* 

65 dent tn shear the restrruning P«a 47 and and a spring device arranged to urge the 130 
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brake means agains^the turbine wheel when 
the retaining means is ineffective, 

2. A turbine assembly according to claim 
1 3 wherein the brake means includes a brake 

5 shoe having a large robbing surface uniformly' 
spaced froia one side of the turbine wheel 
and adapted to engage the same when the 
retaining means is rendered ineffective. 

3. A turbine assembly according to claim 
10 2, Vrhereia the spring deriee urging the 

brake means against the turbine wheel in- 
cludes a pack of energy absorbing plates 
confined between the brake shoe and z static 
back-up plate nonHrotatabiy mounted m the 
15 turbine wheel housing and anaEy movable 
therein, and spring means compressed be- 
tween said back-up plate and an elemen t of 
the retaining means. 

4. A turbine assembly according to claim 
20 2, wherein the rermmng means comprises 

n member which rigidly attaches the brake 
shoe to the turbine wheel housing and which 
includes a thin anally ertrei fling pcxtionj 
and the means for rendering the retaining 
25 means ineffective comprises cutters carried 
by the turbine wheel and constructed and 
arranged id cut through the thm portion 
when the turbine wheel rotates at excessive 
speed. 



5 A turbine assembly according to daim 30 
4. wherein the cutters are constituted by 
c^tntu^Ily-actaated blades which are res- 
trained by shear pins and arc arranged for 
limited radially outward movement. 

6» A tu rbine assembly according to claim 35 
2, wherein a back-up orate assembly is 
provided at the side of the turbmo wheel 
opposite the emergency taking system to 
rStana said wheel if it breaks away from 
its shaft, this assembly being earned by a 40 
rigid wall Btructure in which the turbine 
wheel is iotatabiy mounted. . 

7 A turbine assembly aecordmg tx> oarm 
6, wherein the back-up brake assembly in- 
ctades a spimg biased disc ^ 45 
having an inchned annular surface which 
is closely adjacent the side of the tnrnme 
wheel opposite the emergency braking system. 

a A mrbhie assembly substantially as 
described and as illustrated with reference 50 
to the acconroanying drawings. 

Fql the Applicants:— 
F. J. CLEVELAND & COMPANY, 
Chartered Patent Agents, 
29 fl Southampton Buildings, 
Chancery Lane, 
Loudon, W.02. 
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